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•Report No" 327/2    t3 

CLASSIFICA'ION CHANCED TO: 

BY AUTHORITY OF ORD. DEPT. 

NO. 128. BY  July 2,  1937 

SUMMARY OP-INVESTIOATION OP RIFLE BARBEL STEEL 

1. The best material investigated was the Colt stock 

Identified as #1 and #2. This material was superior to 

any of the other samples examined and much superior to 

the material covered hy Wetertown Arsenal Report No. 327/1. 

2. All "barrels showed a degree of nonunlformlty In 

the heat treated state Indicative of Improper mill prac- 

tices. Even the best material examined could have been 

improved by proper heat treatment at the mill. 

3. While most of the steels examined came within the 

SAE 4156 classification, they are not considered a com- 

mercial product. SAE 4150 would produce the desired proper- 

ties and still have the advantage of being a normal mill 

product If proper mill practice could be secured. 

4. A study of both macro and micro structure does not 

Indicate the necasslty for lower limits of sulphur and 

phosphorus provided the uniformity of distribution and 

dissemination are satisfactory. 

6. Longitudinal and transverse physioal tests Indicate 

too low a ductility value in the transverse test. This 

could be predicted from the macro structure and points to 

JL   
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the necessity for elimination of banding. 

6. Erosion studies show that heat checking starts 

at the bottom of tool or chatter marks. Cracks progress 

perpendicular to the bore and when crossing bands branch 

in a direction along the band parallel to the bore. Hence, 

excessive banding points toward a shorter accuracy life 

of the barrel. 

7. It is believed that better stock could be ob- 

tained by purchasing uniform material untreated 

(preferably hot-rolled or annealed) with subsequent heat 

treatment at the Armory under proper supervision and 

unified control. 

8. The following basic requirements are recommended 

for incluclon in the speolficetlon. 

1. Material to be purchased hot-ror'ed or 
annealed to a maximum hardness of 
260 Brinell. 

2. The chemical composition to be as follows: 
(Steel 4150) 

JfeL JteL J59_ 

.47/.53 .60/.90 .040  .040  .80/1.10 .16/.26 
max.  max. 

3. Require that the material fumlehed shall be 
of such quality that it can be heat treated 
to produce the following physical properties. 

Test Bar 
P. L.   T. 3.  Elon. Red. Position 

Longitudinal 130,000 160,000 17.0 60.0 60^ Radius 
TranRverse   125,000 150,000 16.0 40.0  "   • 
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4. Require macro-etoh test and Baumann print 
from each end of each bar furnished. Teat 
to be In both transverse and longitudinal 
directions using specimen l-l/S" long, split 
through middle.  These tests to show uni- 
formity of structure from center to surface. 

9. The recommendation in the preceding paragraph is 

for the purpose of securing better material in the near 

future. However, since basic cause of poor material appears 

to be in mill practice, it is recommended that answers to 

{ the attached questionnaire be required by the purchase order. 
it 

This questionnaire has been used and required by this arsenal 

M as well as Watervllet in the purchap« of gun forglngs and 

j breech block. It has lead to definite improvement in the 

material secured as veil as a basis for prescribing mill 

'( practice. After a period of two or three years combined 

with Information now being correlated at this arsenal, the 

Ordnance Department should be able to prescribe e definite 

procedure for rifle barrel stocV:. 

.?- 
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Confidential 
Report No. 327/2 
Watertoira Arsenal 

June 21, 1937 

RIFLE BARREL STEEL - SPRINGFIELD ARMOIg 

Six specimens of rifle "barrel steels obtained from 

various sources were submitted by Springfield Armory 

for comparison. 

Conclusions 

1. Fabrique Nationale - This steel was moderately 

dirty, comprised of small short inclusions. Long stringers 

of non-metallics were absent. The structure was decidedly 

banded, segregated, fairly fine grained, but poorly heat 

treated. It probably was in the hot worked condition. The 

carbon content around the bore was somewhat higher than 

that elsewhere. 

2. Colt Barrel A after 10.000 Rounds - This steel was 

moderately dirty, comprised of small short inclusions. The 

inclusions formed both long and short chains. The structure 

was banded, fairly fine grained and in its final beat treated 

condition. More careful control of the heat treatment would 

have improved its micro-structure considerably. 

3« Midvale Bar 1. Heat 6705 1 IS/IG« Dia. - This steel 

was moderately dirty, comprised of email short inclusions. 

The tendency to form chains was present but few chains were 

actually formed. The structure was decidedly banded, somewhat 

segregated, #6 grain size and in the hot worked condition. 

$S-B 
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4. Colt Stock #1. As Received from Mill 1 3/16" Pia. 

This steel was fairly clean. The Inclusions were small, 

short, but tended to form short, fairly widely separated 

chains. The structure was decidedly handed, slightly se- 

gregated and In the hot worked condition. 

5. Oolt Stock #g. Colt Heat Treatment - This steel 

was fairly clean. The Inclusions were small, short and 

more or less separated with a few short chains. The struc- 

ture was decidedly banded, slight1y segregated and very 

fine grained, A little more care In the heat treatment would 

have Improved the structure somewhat. 

6. Oal. .50 M190g Rifle #286901. Mfa, by Avis - This 

steel was dirty. The Inclusions were smell, fairly short 

with a tendency to form chains. The structure was banded, 

segregated #6 grain size and showed that the steel had been 

BURNT during the heating for hot forming. The rupture was 

undoubtedly due to fatigue of burnt steel. No heat treatment 

ehort of remeltlng would have made this barrel safe. 

TABLI A 

Identifioation of Specimens 

PNA  - Fabrlque Nationale Gal. ,50 Rifle, 

AA   - Colt Barrel A after 10,000 Rounds. 

MIA  - Uidvale Steel,Heat 6705, Bar 1, 1 15/16" Dla, 

CIA  - Colt Stock 01,  As Received from Mill 1 5/16" Dla. 

.r—     i m 
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TABLE A Cont'd 

02A  - Colt Stock #2, Heat Treated by Colt. 

AVA  - Ruptured Oal. .30 M1903, Rifle #886901, 
Mfg. by AVIS. 

Respectfully submitted, 

H. Ö. Carter, 
Assoc. Metallurgist« 
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Fig. 1, X25, Unetched, PNA Showing the dirt condition. 
Inclusions were small &  short. No chains. 

M&-376 

Fig.  2, X3,  CuClo etched,  FNA.  Showing the steel to be 
decidedly banded. MG-277 

Plate WA639-701 
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Pigs.3 & 4, XlOO 1% Nltal etched, PNA, Mldwall and bore 
sections. The structure was fairly fine 
grained hut segregated. Bore section was 
sonewhet higher in carbon thanthe midwall. 

MQ-259 & 260 

Pigs. 5 & 6, X10O0, Same as Figs. 3 & 4. The structure was 
in a hot worked condition, 

MO-259 & 270 
Plate WA639-702 
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)j Pig. 7, X25, Unetched AA. Moderately dirty. Small Sc 
short Inclusions,forming both long & short 

11 chains. MQ-278 
ii Fig. 8, X3, CuClo etched AA. Steel was banded. M&-279 

H 

pwfl Q & 10 X100 & X1000 1%  Nltal etched AA. Fairly Figs. 9 * 10, XIO^ ^^^ eorbite with peeudc ^rteniitio 

tendency. Piate WA 639-703 
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ÄÄ0äV" chains actuan^orged. 

Pig. 12, », OU01S etched, MIA. Steel was han_ded. 

nBs. i3 * I*, xioo * »^/^ Äi ^erme: what segregated, grain size a-o,   MG_262 & 27 
 ^4 4-4 A« condition. 

'MG-262 St 272 

Plate WA639-704 
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Pig. 15, X25, Unetched, CIA. Fairly clean. Inclusion 
small and short. Tend to form short 
fairly widely separated chains. 

MG-282 

Pig. 16, X5, CuClg etched, CIA. Steel was decidedly 
banded. 10-283 

I Pigs. 17 & 18, XlOO & X1000, 1%  Nltal etched, CIA. 
Slightly segregated grain size #7.Hot 
worked condition.        10-263-273 

Plate WA639-705 
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Flg. 19, X25, Unetched C2A. Fairly clean. Inclusione 
small, more or less separated short 
chains. MG-284 

Fig, 20, X3, CuClg etched, C2A.  The steel was decidedly 
banded. 140-285 

i 

Figs. 21 & 22, XLOO & X1000, 1^ Nltal etched, C2A. 
Slightly segregated fine grained 
troostlte sorbite with some freo 
ferrite. 

MG-264 & ?74 

Plate WA 609/706 
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Flg. 23, X25, Unetohed AVA. Trane, showing rupture 
cracks. MG-257 

Pigs. 24 & 25, X100 Sc  XIOOO, AVA. Trans, near oraolt. 
Segregations due to burnt condition. 

7 " M&-265 & 275 

j Plate WA639-707 
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Pig. 26, X25, Unetched, Long. Sect. AVA. Steel is dirty. 
Inclusions were fairly small with a ten- 
dency to form chains.      MQ-236 

Pig. 27, X3, CuClg etched, AVA. Steel Is banded. 
MG-287 

Plfe. 28, X25, CuClg etched, AVA. Crack area. Badly 
segregated St burnt. 
A - phosphorus segregates 
B - ferrlte segregates 

Indicates Inslplent fusion - le. Burnt metal 
140-266 

Pig. 29, X2e, CuClg etched AVA. Area opposite crack. 
Condition similar to Pig. 28. 

140-267 

Plate WA639-708 
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Fig. 30, X5 CuClg etched Trans. Sect. AVA. Steel 
showed general partial reversion to oast 
condition. 

Ha-268A 

ri 

Fig. 31, X500, CuOlg etched AVA. Near oraok. Showing 
reversion to oast segregated condition. 
A  Phosphorus segregates. 
B - Ferrite segregates. 

Indicates insipient fusion - ie. Burnt 
metal. 

110-268 
Plate fA639-709 
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Report No. 122/36 

May 4, 1937 

Speotrographlc analysis of 6 Rlfl© Barrel Stocks, 
Ex. 0. 47-A19 

AS CIS jm. jaa. JSSL AVIS 

- 
li 

Sn 

Al 

Co 

Cb 

Ta 

Ti 
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Zr 

Trace 
H 

Nil 

Trace 

Present 
(low) 

Nil 
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N 
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Trace 

Present 
(low) 

Nil 
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Trace 

Nil 

Trace 
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Nil 
N 

Trace 

n 

Nil 

h 

9 

1_ 

For Mo, V, On,  31, Ni, Mn, Cr, see Chemical Report. 

Reference; Plates #526, 627 

%.o^ 
3. Vigo 
Analyst 
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EROSION OF COLT MACHIME GÜW BARKEL A-g 

Peter R. Kosting 

Ob.leot 

To observe effects of erosion of Colt aaohlne gun 

barrel A, piece 2. 

Reference   -   Ex.0. 47-A19 

Oonoluslon 

1. After 10,000 rounds, lands at origin of rifling 

were eroded smooth but accuracy was evidently higher than 

for other Colt barrels. 

2. Metal was very uniformly sorbltlc, extremely 

banded and very dirty. 

3. Most, but not all, radial cracks when they branch 

follow a path initially parallel to bore and to banding, 

and in a direction toward the breech; the intersection of 

radial crfloka with nonraetallics which are strung out normal 

to them, myy, be a point of weakness and qay be the initial 

starting point of longitudinal cracks. 

4. "fhlte" layer was apparently normal; a duplex 

structure could be discerned. 
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toterlal 

Colt Machine Chan Barrel A, piece 2, section Including 

portion for neck of cartridge case and beginning 

of rifling, 1H long. 

Analysle - Report No. 310/1790 - SAE 415(J Steel 

_0_ _M   _S1  P    S . Ni  Cr  Gu  Mo 

.585 .51  .29  .021  .017 .10  .95 .18  .18 

Properties - Report No. 327/2 

Lon6«        P. L.   Y.S.P. T. 3.  El.  R.A. 

"   0.258 187,000 130,500 160,500 17.8 55.7 

"   0.113 130,000 135,000 163,500  18.8  52.3 

Heat Treatment - Colt's 

Barrel fired 10,000 rounds 

Velocity after 10.000 rounds; 2393 ft/sec. 

Accuracy: 

Keyholing: not reported assume none observed 
Target pattern: 

t                                                                                  100 yards (1000 in. Calculated) 
Range       Observed  W. A.  

E.V.        89.0 In. 7.8 in. 

E.H.        16.8 in. 4.7 in. 

E.S.        29.7 in. 8.2 in. 
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I Study 
i 

Metallographie study of bore area. 

j 
I Results 

ri 
ij The condition of the bore is shown In Figure 1. 
\\ 

u The lands neve  eroded smooth with grooves; checking and 
i ; 

J spalling were noticeable.  Figure 2 shows the extent 
ii 
li of cracking at a cross-section of the bore.    Figures 3 
H 

j and 4 show the intersections of radial    cracks with non- 
•\ 

i metallics strung out normal to them. 
(j 
'.\ Figures 5 and 6 show the banding of this steel and 

the crack system where radial cracks started to spread 

« longitudinally in a direction toward the breech. Due to 

the Wood's metal used,  for mounting the specimen, diffi- 

culty was encountered in etching the very edge, Ober- 

hof fer's »»tch WPP used. Figures 7 and ft show the mlcro- 

stmcture, the former Just a little distance from bore, 

and the latter at bore. Nltal etch was used. 

Discussion 

This particular gun barrel stock w«o exceedingly 

bended. There exists a general but not perfect parallelism 

between bands and streaks of nonraetallies. The radial 

cracks tend to split longitudinally in one direction, and 
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;i       . .     most, but not all, branches seem to be parallel to bands 

and to bore. The Intersection of radial cracks with H 
jj nonmetalllcs may be a point of weaknesa facilitating the 
h 
i; origin of a longitudinal crack. 

H The sorbltlc structure Is very uniform, being parti- 

cularly free from large areas and streaks of ferrlte. 

The "white» leyer Is shown to be duplex. 

Respectfully submitted, 

Peter R. Kostlng 
Chemical Engineer 
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Fig. 1 

Both Halves of Colt Machine Gun Barrel A 
(X.O. 47-A19)    X5. 

Section at origin of rifling. 

Fired 10,000 rounds. 
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Fig.2 xl5 

Fig.3 x250       Fig, 4 wA.4jf-?jy X25o 

CRACK SYSTEM IN COLT MACHINE GUN BARREL rfA  2     (X.O.   47 A   19; 
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Htport Mo. 519/76 

June 10, 1997 

Springfield Armory Rifle Barrel St^dl 

lx.0> 47-119 

Materialt Six types of Rifle Barrel Steels 

fliese steels were submitted for maoro-ezamln&tion with the following 
objects ia view: 

a* detemination of the quality of foreign and ooameroial steels 
used for rifle barrels ia ooaparison with Springfield Armory 
standard grades, 

b. derelopaent of the proper speoifioation for the material. 

The six steels eonsidered ares 

1. Partially finished .50 Oal. Rifle Steel 
from Fabrique Rationale 

8. Colt .90 Oal. Rifle Barrel after ten 
thousand rounds 

9. Rifle Barrel Steel from Midrale Steel 
Company, Bar #1, Ht. 6708R, Dla. 1 ^16" 
per speoifioation SXS 16 (Springfield 

Armory) 
4.  ■    ■   • Bar #8 

6, Oolt Rifle Barrel Stook #1, as reeeiwed 
from mill, O.D. 1 9/16" 

■  «   a stook #8, Heat treated 

6, Ruptured .90 Oal. M1909 Rifle #886901 
muszle section, manufactured by Aris, 
(see I.A. 474.6/145 and Springfield 
Armory report of aoeident Ho, 806) 

- Stamped FN 

- Stamped A 

- Stamped 10. 

- Stamped MB 

- Stamped 01 

- Stamped 08 

- Staqped AV 

Results of short time etch (10 minutes) ia Standard fatertown 
Arsenal Solution 

HOL 

water 

- 98* 
-   "j - 60* 

i>dwMUMl 

'\- 
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traaiYT«» Seetlon ÜMffitiJBbi - Blt ■•otion shows a fairly proaiasat 
oaadrltlo ■metar« froa the oatsite to tha bora with very littlt iatsr- 
dtadritlo Boa-aetalliot and no hsavy pitting froa the aait reaatioa. 
Lenaitndinal Seetion Staaped jgMS - The aetal ehowe rery fine longitudinal 
itreaho at the outer portion gradually onaagiag to a slightly aore 
proaineat elallar etmetare aear the here. She partially finished 
smooth bore shows no defeets. 

A 8teel 

Traasrerse ieetioa atsMoed A-B - The aetal shows a rery well worked 
dendritie struoture with slightly aore proaineat iaterdeadritio Material 
than the FH Steel, Tory short radial eraoks extend fron the bore sur- 
faoe (after firing) for one^wo buhdredths of an inoh. 
Longitadinal geetion Btaaped i^ - The longitudinal streaking is fairly 
prominent, some of the sulphide and phosphide segregations extending 
for 1/4". The heat eheokiag in the bore is only found on the lands» 

Ml Steel 

Transverse Seetion Stamped lOL-B - The steel has been well forged and 
heat treated, fhe aaterial at the outer portion of the dieo shows a 
very homogeneous and fine aaerostruoture. The amount of segregation in 
the eeater is greater than any of the other steels. 
Longitudinal Seotion Stamped Ml-0 - As noted in the transverse diao the 
struoture at the outside is olean sad uniform but it ohanges quite sud- 
denly to a heavier streaked seetiea (sulphide and phosphide streak) 
that is very prominent at the extreme center. Some of the elongated ? 
sulphides appear to be about l" loag. 

MLJSül 
Transverse Seotioa Stamped II8-B - This diso was taken from part 8 
of the lot deseribed above and shows praotioally the same macrostruoture. 
It does, however, show a slight amount of deoarburitation at the extreme 
outside« 

Transverse Seetion Stsmoed 01-B - She metal appears to be very fine, 
olean and unifom near the outside with relatively little change in 
amount of non-metallios near the center. She extreme center has a 
small amount of non-aetallies which will be completely removed la 
forming the here« 
Longitudinal Seotioa Stamped 01-0 - She metal has quite uaiform oharac- 
teristics at the outside with a tendency toward streaks aear the eeater. 
The streaks are not as prominent as ia Steel MI» 

fgaasverse Section HsMfi flfcj - The metal of this disc has the same 
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general characteristics as disc Cl but the ferrlte bodies, 
"stems of the dendrltes", and the Interdendrltlo material are 
more In contrast because of the heat treatment given the steel. 
The small amount of segregation In the center will be removed In 
forming the bore of the rifle. 
Longitudinal Section Stamped C2--C - This section shows a very fine 
and very uniform macrostructure at the outside gradually changing 
to a somewhat streaky formation with dark areas but fairly high 
In sulphur and phosphorus. 

AV Steel 

Transverse Section ßtaroped AV~B - This section was etched the same 
length of time as the other pieces, but is very much over-etched. 
The sulphur and phosphorus are very high, correspondingly the 
rate of solubility In acid is high. This section showe a rather 
coarse dendritic structure with very heavy interdendrltlo sulphide 
and phosphide areas. 
Longitudinal Section Stamped AV-C - The amount of segregation in 
the longitudinal streaks is quite heavy. The general dark color 
of the piece aft8r etching is the result of higher than the 
average sulphur and phosphorus. 

All of the above sections were macroetohed further to give 
a total of twenty-five minutes in the etching bath in 
order to make a more suitable surface for photomacrographing 
and to study the possible changes occurring. The results 
of this etching did not in any way change the oharacteristies 
described after light etch. 

Baumann Prints 

FN Steel Baumann Prints - The transverse print shows a uniform 
pale color throughout with no concentration at the center. The 
longitudinal print indicates very little streaking of sulphide 
segregations. 

A Steel jlauaann Print - The cross section shows very fine and 
uniform distribution of sulphur and phosphorus with very little 
tendency for streaks In the longitudinal band. 

Ml Steel Baumann Prints - The print is somewhat darker and has 
a coarser distribution. The longitudinal section shows very 
prominent and pronounced sulphur and phosphorus streaks In 
the central portion. 

jjg gteel Bauaann Print - Equivalent to Ml Steel. 

01 Steel Bauaann JXiB&l - The print from the transverse section 
Is very uniform throughout with a fine dissemination of sulphur 
and phosphorus. The longitudinal print shows a slight amount of 
streaks at the extreme center. 
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COSäSlJäSuB£nn^ntfi - T.. print. «. th. a- ** <*■ 

•SSSSP^^oepMd. areas and ^4. strea., 

througliout. 

FN 
A 
Cl 
C2 
Ml 
M2 
AV 

Satisfactory 

H 

Barely passable 

ünsatlsfaotory 

Reference: See PhotonAorographs 740-8 and 740-9, and 
reproductions of Baumann Prints 740-8B and 740-9B. 

R^commendations; 
If the steel used at Springfield Armory is to be considered 
the equal of commercial or foreign eteels, a change in 
specification is apparently neceasary. The sulphur and 
phosphorus limit should be somewhat lower (unless its 
dlseenination is setlsfactory) and the «itandard for raacro- 
etohine should be of a grade that will not allow segre- 
gations, especially in the part of the bar that will form 

the bore of the rifle. 

—-'—^—?—ST^HI N. L. Reed 
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1. 

2. 

3. 

ORDNANCE FORGINGS 

Information Requested for Each Forging 

- Mark of Identification and heat number. 

- Chemical composition.- Proceee - BaelcjOpea Hearth 
Aold I Electric Furnace 

- Mold - Shape and dimensions in detail, accompanied 
by drawing. 

4. - ^»t.vmd nf Casting 

Cast from (a) top of ladle 
(b) bottom of ladle 

into  (a) top of mold 
(b) bottom of mold. 

5. - Hot Top - Data for the cast metal: 

Shape and size 
(a) cross section 
(b) length 
(c) weight 

If the steel was bottom poured, please give weight 
and dimensions of sinkhead. 

6. - Ingot 
-Weight 

(a) with hot top 
(b) without hot top 

-Shape - corrugated, square, fluted, etc. 

-Dimensions L  i 
(a) Maximum diameter at top 
(b) Minimum   H    " 
(c) Maximum diameter at bottom 
(d) Minimum   "    "   ! 
(e) Nominal length of ingot 
(f) Effective length of Ingot 

(length excluding hot top or 
sinkhead) 

A sketch Is very desirable; If available, it 
will simplify the description. 
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7, - Dlsoards 

I. Dimensions and weight 

(a) from top (Indicate whether or not 
hot top Is Included In figures) 

(b) from bottom 
(c) other discards 

II. Indicate clearly at what staae of manufacture 
each discard was made. 

8. - VHhat was the approximate temperature of the Ingot 

(a) at time of stripping? 

(b) at time of placing In heating furnace? 

9. - Indicate approximately the period of time from the 
moment of stripping to the moment of placing the 
Ingot into the heating furnace. 

10. - At the time of placing the Ingot in the heating 
furnace, was the ingot considered to have a uniform 
temperature throughout, or was the center considered 
to be at a higher temperature? If so, indicate the 
approximate difference in temperatures between the 
central part and Vne outside. 

11. - Indicate for '^ach heating operation approximate 
temperature cf heating furnace at the time of charging 

the metal. 

18. - Indicate for each heating operation 

(a) time for bringing up to temperature 

(b) tine held at temperature 

13. - Indicate for each heating operation temperature of 
metal leaving the furnace to be hot-worked. 

-2- 
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14. - Hot-working op3rations and their sequence: 
hot-working carried out 

Was 

(a) only under press 
(b) "   n  hammer 
(c) "   "  rolls 
(d) first under press and then under hammer 
(e) "    "  hammer "  "    tt      press 
(f) "    "  rolls "  »    "  press or 

hammer 

1 
!  j 

1 

15. - Number of heats required for working: 

(a) under rolls 
(b) "  press 
(c) "  hammer 

16. - Description of the method of hot-working (character 
of die used, etc.) 

17. - Type (and name of manufacturer), capacity and other 
essential characteristics of the rolls, presses or 
hammers used. 

18. - Was forging upset during manufacture? If so, at 
what stage and to what dimensions (cross section 
and length)? 

19. - Indicate the actual dimension of the metal piece to 
which the reduction was effected in each of the suc- 
cessive operations mentioned above in (14); 

(a) cross sectional dimensions 
(b) length 

20. - Indicate approximate temperature of the metal at the 
time each hot-workinft operation was stopped. 

21. - Manner of cooling (or heating) after the last hot- 
working operation, including data on: 

-3- 
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(a) cooling medium 
(b) initial temperature of the cooling operation 
(c) final temperature of the cooling operation 
(d) period of time required for cooling to the 

final temperature 

22. - Heat treatment: 

(Jive for each step of heat treatment the fol- 
lowing information, stating also the treatment that 
preceded or followed the machining operation (turn- 
ing outside, boring, etc.) on the forging: 

(a) furnace temperature at time of placing 
forging in furnace 

(b) time for bringing up to treatment temperature 
(c) treatment temperature 
(d) time of hold (soaking) at the temperature in (c) 
(e) cooling: (1) manner 

(2) medium 
(3) time 

(f) te'   xure to which forging was cooled. 

23. - Indicate number of forgings or billets made from 
the same ingot. 

24. - If several billets or forgings are made from the same 
ingot. Indicate: 

(a) The relative position of each billet in the 
Ingot 

(b) The relative position of each forging in the 
ingot. 

25. - If several forgings are made from the billet indicate 
their relative position in it. 

26. - For each of the billets and forgings indicate the 
mark showing which of its ends was the nearest to 
the bottom of the Ingot, (A sketch may assist the 
description). 

_4_ 
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27. - Indicate the position of every test metal slab or 
disc by giving their distance from the extreme end 
of the rough forging, which is nearest to the bot- 
tom of the ingot. (Sufficient data are desired to 
determine approximate location of the test metal 
slab in the ingot from which it originated). 

ISSUE OF 7-1-36 

STH   REVISION 
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